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Introduction
It was just after the 2009 New Year and Steve Hane, CEO of Ampulse Corporation, tightened the knot on his tie and walked down into the company's office in the basement of his house west of Denver, Colorado. He found that, even though he wasn't going into the fancy corporate offices he had experienced in his several previous C-level jobs, occasionally putting on a suit to go to his "virtual company" offices helped him keep serious and energized about Ampulse's business prospects. Ampulse performed its research and development with research partners-two U.S. Department of Energy (DOE) national laboratories-and Hane was the only employee. At the same time, Ampulse faced "real company" challenges, such as how to manage a complex research and development (R&D) project, how to control how much money it was spending, and how to plan for hiring. Hane was at a crossroads: He was about two months away from running out of money and had to determine how to raise more money and get the national labs to finally achieve what they said would be completed six months ago; or maybe there was just too deep a cultural divide between a start-up and the labs, and he should just walk away. As Hane arrived in the basement and powered-up his computer, he knew it was going to be a long day.
National Laboratories and Technology Transfer
Oak Ridge National Laboratory (Oak Ridge) and the National Renewable Energy Laboratory (NREL) are labs in the DOE national laboratory system (Exhibit 1), which "house world-class facilities where more than 30,000 scientists and engineers perform cutting-edge research." [1] Both Oak Ridge and NREL are government-owned contractor-operated facilities. This arrangement allows a private contractor to operate the federal facility on behalf of the federal government under a prime contract. This relationship can be confusing in terms of the labs defining their missions, however, because the labs are not purely governmental, industrial, or academic, which has certain connotations about the type of research the labs should be doingapplied, commercial, and basic, respectively. [2] Battelle Memorial Institute (Battelle), which is responsible for managing both of these labs with other partners, is a nonprofit charitable trust committed to " [b] uild [ing] long-term relationships with our clients by anticipating their needs and delivering economically and socially valuable science and technology" [3] (Exhibit 2).
The national labs receive research and development funding from Congress, which is used for a variety of research programs in different technology areas (see sample budget in Exhibit 3). In addition to federal funding, the laboratories-especially those that are market focused, such as NREL-have private clients and research partners. Certainly, NREL's primary client is DOE's Office of Energy Efficiency and Renewable Energy (EERE). They also work closely with industry, however, and are planning to grow substantially their proprietary work with private partners. These clients can have very different paradigms for evaluating and rewarding technology development and transfer success, [4] and there is concern that too much focus on technology transfer might distract from the lab's "basic research, technology development, and education." [5] Additionally, there appears to be an inherent conflict for the lab in having a diverse client base, because it leads to variation in the relative amounts of influence that the government and market have on the research and development work. [2] Lastly, the operation of a robust private-public cooperative research and development program-as measured by the number of CRADAs (cooperative research and development agreements)-is not an indicator of technology transfer success, which is the presumed reason to work with the private sector. [5] Market-facing operations and commercial ties are important factors for successful commercialization of technologies but not necessarily for technology transfer. [6] Historically, the laboratories performed research and distributed it into the public sector, usually through publication and other nonproprietary mechanisms. The typical nonproprietary mechanisms of technology transfer [7] are described below.
• Peer-reviewed publications are a means of technology transfer because they disseminate knowledge into society, although they often are viewed as the least-effective mechanism for doing so.
• Informal conversations in which technical information is exchanged can be perceived as a mechanism of technology transfer.
Technology transfer was added to the mission of the laboratories to help enhance the chance of commercial impact and societal benefit justifying the taxpayer investment in the laboratories' research and other activities. [8] The policy foundation for technology transfer was enacted through three important pieces of federal legislation, listed below. [4, 6, 9] • The Stevenson-Wydler Technology Innovation Act of 1980 (Pub. L. No. 96-480) added technology transfer to federally funded laboratories' missions "to ensure the full use of the results of the nation's federal investment in research and development," and provided the ability to use part of the federal budget for this purpose.
• The Bayh-Dole Act or The University and Small Business Patent Procedures Act of 1980 (Pub. L. No. 96-517) allowed federally funded small businesses and nonprofit institutions to take title (ownership) to the intellectual property created during their work.
• The Federal Technology Transfer Act of 1986 (Pub. L. No. 99-502) allowed federal laboratories to enter into cooperative research and development agreements (CRADAs) with private, for-profit companies. The companies and the laboratories would both provide resources-financial, human, capital-to conduct mutually beneficial research. Any resultant intellectual property could be sequestered for up to five years and licensed exclusively to the company partner without the otherwise mandated public notice (freedom of information) requirement. The laboratory has the ability to negotiate the license with the company according to its own objectives, with clauses stipulating that the government retains a nonexclusive royalty-free license to the technology and that any products of the license must be substantially manufactured in the United States.
Similar to other nonprofit federally funded research organizations like universities, the labs then were able to protect the intellectual property they created. This intellectual property could be transferred into the commercial sector. See Exhibit 4 for a schematic of the typical technology development and transfer process. Intellectual property licensing is the situation in which the rights to make and sell a protected product are contractually provided to a company in exchange for fees, revenue or sales sharing, or equity in the licensing company. The license can be issued to an established company, a start-up, or a spin-off company. A spin-off is a company that is based on a technology or service derived from a parent company; typically, its first employees come from the parent organization.
Since the passage of this legislation, the labs became relatively comfortable with licensing intellectual property to large, established corporate research partners that fund research at the labs in exchange for access to the labs' vast intellectual capital and answers to challenging questions. The companies generally license any relevant intellectual property created for cash. However, research, intellectual property, and licensing interactions with start-up companies comprised a nascent skill set in the national laboratory system and introduced several new complexities to the existing R&D and innovation paradigm. Start-up companies are often resource, especially cash, constrained and therefore work on very tight time frames and prefer equity rather than cash transactions. Spin-off companies, which are very popular in academia, are more challenging in the national lab system. At times technical staff leave the labs to form companies, often under the auspices of an entrepreneurial leave policy. Although "many spin offs have been successful, this process does not leverage the skills and knowledge resident in existing small firms to commercialize disruptive technologies, and can serve as a 'brain drain' on the laboratories, possibly impacting future developments in a particular area." [10] Also, in the national lab system, the lack of a significant pool of graduate students and post-doctoral researchers-who would be the most likely parties to form a spin-off company-make the spinoff an infrequently used mechanism for technology transfer.
There are many stakeholders in the process of technology transfer especially in the context of national labs; the stakeholders include the federal agency providing the funding, the lab operator, the licensee, and the public (Exhibit 4 To provide a route to using RABiTS for photovoltaic applications, Kline identified a suite of deposition technologies at NREL that looked like they might be able to solve the silicondeposition problem. NREL had developed a process called hot-wire chemical vapor deposition that could be used to grow a crystalline silicon film for photovoltaic solar cells and crystallographically oriented "epitaxial" silicon layers on silicon wafers. [13] However, hot-wire chemical vapor deposition was unproven for fabricating larger-scale solar cells and had not been used in conjunction with the RABiTS technology to grow crystallographically oriented crystal silicon. Kline approached the NREL Technology Transfer Office, which provided introductions to two NREL researchers, Howard Branz and Charles "Chaz" Teplin. Branz and Teplin already were pursuing growth of silicon on textured buffer layers, based on the superconductor model, but had not yet worked on RABiTS. Branz, Teplin, and Kline discussed the opportunity and the questions that had to be answered to determine whether these technologies could be combined for application in solar, and then developed a research program that would address those questions. Together, the research team and Kline developed a research agenda to address the underlying technical issues of combining RABiTS and hot-wire chemical vapor deposition. A Gantt chart of the first phase of the CRADA was developed to plan the research project (Exhibit 6), which was slated to begin in the first quarter (Q1) of 2008.
Ampulse Corporation: A Virtual Company-A New Technology Transfer Model
Kef Kasdin, general partner at Battelle Ventures (which was the affiliate fund manager of Innovation Valley Partners and co-investor in Ampulse) recalled, "Glenn was based in Knoxville and spent a couple days a week at the lab looking for opportunities. In this case, he identified a very deep set of technology expertise as well as many patents that had been applied to one set of problems." Kasdin continued, "We set up Ampulse as a virtual company to see if the combination of technologies could be applied to solar. Ampulse was a virtual company that aggregated the technologies across the two laboratories through an exclusive option to more than 30 patents that broadly protected the entire concept including materials, manufacturing technique, and product. Ampulse funded research at both laboratories to determine whether these technologies could be combined to create a superior silicon solar cell fabrication process; the potential benefits of the Ampulse technology over other silicon processing and proposed manufacturing benefits are summarized in Exhibit 8. At that time, Ampulse had no offices or employees, and all the company's money was able to go to research because there were no overhead expenses for staff or offices. In the virtual company model, Kline "metered out money to answer research questions with identified milestones." Kline also believed that "answering these questions up front allowed recruitment of a much higher caliber CEO in the future" because some of the technical risk was removed.
Because of Battelle Ventures' relationship to Battelle, "
[it] has a strategic reason to try to find the opportunities at the labs and to fund these opportunities more than any other people but, at the end of the day, it still has to make financial sense for us to invest in a company," said Kasdin.
In addition to its venture financing, Ampulse received $900,000 from the DOE technology commercialization and deployment fund at NREL and Oak Ridge (Exhibit 9). Kasdin remarked on the importance of the commercialization funding, The virtual company model worked well to preserve capital, but it required both a significant time commitment and an operationally competent person to manage the business. Eventually Kline needed some help; at that stage he was introduced to Steve Hane. Hane has a successful background in telecommunications and data-communications in mid-and senior-level management positions at several firms, including venture-backed start-ups (see Exhibit 10, which includes biographies of Hane and other Ampulse consultants). After a successful exit from his previous company-and like many other entrepreneurs at the time-Hane decided to make a transition into clean technology. After joining Ampulse, Hane presented his thoughts on the renewable energy opportunity sector and his value as a seasoned entrepreneur (Exhibit 11).
Hane had started working with Ampulse by consulting for Kline and helping him answer some of the questions that Kline had been unable to address. Hane valued helping Ampulse as a nonemployee because "as a consultant without an equity stake or other agenda, you can look at an opportunity completely objectively-look at all warts, look at all the positives-and make a decision about whether to get involved. I think it was an ideal way to find a deal." That consulting role slowly expanded over 4 months, and Hane was asked to assume the role of CEO in July 2008. Exhibit 12 shows a timeline of Ampulse's past and expected development when Hane took the reins.
Hane decided to take a position at Ampulse for a variety of reasons, Hane had developed a task-management system in the early stages that allowed him to keep track of things he needed to get done and to functionally assign them to roles in the virtual company (Exhibit 13). Another of Hane's jobs was to "nurture the close relationship with the lab." He continued, "Agendas that stay visible get serviced; my job is to say keep Ampulse visible."
That Hane spent his time on these non-technical things, however, was confusing to the scientists involved. At times, it seemed to them that, until the science was proven, it might just be a waste of money. Branz remembered, 
NREL Researchers
Prove the technology and the rest will come. This would be the ultimate NREL success story! NREL is a world-leading research and development organization for energy efficiency and renewable energy technologies. Photovoltaics, in particular, are an area of strength. NREL currently holds the world record for photovoltaic cell efficiency across many different technology areas (Exhibit 14) and played an important role in developing many of these technologies. However, NREL's expertise in these examples is focused on developing record high efficiencies in lab-scale solar cells, not in translating these efficiencies to commercially relevant deployable solar modules. The laboratory regularly produces publications and patents that help disseminate technical information to the public (Exhibit 15). , NREL researchers Howard Branz and Chaz Teplin were involved with the Ampulse project. Branz was a principal scientist and the manager of the Ampulse project. He received his Ph.D. from MIT in 1987 and immediately went to work at NREL; since then, he has had a very successful scientific career and has delivered more than 300 publications and presentations. Branz spent about 20% of his time directly on the Ampulse project and about 50% on related projects. He was just finishing 5 years managing the Silicon Materials and Devices Group at NREL and, as a manager of that group, he had worked with several companies on collaborative research projects. He had stepped back from that role because he wanted to do more research and have more direct involvement in answering scientific questions and improving photovoltaic devices. Branz also noted that several of his colleagues joined start-up and established solar companies, and he wondered if this was a more effective route to transfer his knowledge to the outside world.
Chaz Teplin also is in the Silicon Materials and Devices Group. He joined NREL as a postdoctoral researcher after receiving his Ph.D. from the University of Colorado at Boulder, and was recently promoted to senior scientist. Since joining NREL, Teplin has coauthored more than 30 presentations and publications. Through the directly funded Ampulse project, as well other projects that indirectly supported the research, Teplin essentially worked full-time on Ampulse and related projects.
Public presentations and publications are important to scientists because these comprise one of the most important measures of the stature of the scientists in the scientific community. Branz explained:
The conventional wisdom is that the number of invited talks and publications [ 
This is very different than the model that's operating in the start-up companies, which is to hide everything. It's all about holding things close, it's about moving things fast whether they work or not. You may give out a few gifts to build interest but not enough to give away the secret of how it works. And you may push to create gifts that look better than they are. But the problem is if I have control of most of the elk that were just killed for the winter and I then give it out and it turns out to be rancid and makes everybody sick, that's not good for my status, right? So the stuff that I am doing better be right: [T]here is a very high premium on being right and having things work in science. In the venture-funded company there is also a high premium on having this [technology] work but there is a higher premium of getting in the next round of funding, which is not always the same as making things work.
Both Branz and Teplin wanted to see the knowledge they created somehow be transferred to society. They often accomplished this via peer-reviewed journals. Ampulse had asked to review publications before submission to make sure that the documents did not disclose the inventions, but this control of publication was difficult for the scientists professionally because of their priority for objectivity and intellectual honesty. Publications in refereed journals also were thought to be the least effective means of technology transfer and provide the least support for the ultimate commercial success of Ampulse. [14] Both researchers therefore also were committed to helping protect intellectual property developed during the research project, and had filed several records of invention (ROIs). Sometimes the ROI submissions and the time that NREL took to review the intellectual property also could delay publication, which could become frustrating for researchers.
Ultimately, the NREL researchers enjoyed the Ampulse project and had deep respect for all the parties involved. Teplin said, "Everyone has generally demonstrated a high level of confidence and competency at their jobs, so I've never felt like we've been misled. Even though their perspectives may be different from my own, I can understand how the different parties [Ampulse, NREL, Battelle] have acted based on their viewpoints." It was a difficult challenge for the scientists to work on a project like this, however, which according to the typical venture model had a low probability of success because "there exists a built-in environmental conflict between governmental and market influences." [2] Branz reflected: In fact, Teplin also was motivated by something that brings many people to NREL: The opportunity to "make the world a better place" by being a part of the solution to global warming (Exhibit 16). Hane also spurred Teplin by asking him if he would rather see his name on a paper at a conference or be able to buy a roll of the solar panels that he helped create from any Home Depot. 
There is a big cultural mismatch that people don't actually talk about: Scientists working for the Department of Energy really have developed a low tolerance for
Research and Development
Before Kline approached the lab, NREL researchers had applied for patents on their technology and were busy presenting their work for conferences. The Ampulse CRADA allowed Branz to have access to the substrate and to try to grow solar materials with the epitaxial process. Teplin remembered, "Basically, Glenn [Kline] provided money to make that [research] happen and accelerated it. We could have gone to Oak Ridge and said 'Hey, let's try and collaborate' but that takes time and money."
Ampulse had successfully garnered support from a variety of different sources and had several stakeholders engaged in its success. Hane remarked, "This is a great story of turning a fundamental taxpayer-funded investment in research [most of the intellectual property that Ampulse had optioned was from federally funded research and development] into a commercial outcome that could really positively affect society." However, Branz and Teplin were cautious to balance the high visibility and riskiness of this project with their other funded research. Teplin said, "It would suck to put all our eggs in the Ampulse basket and have Ampulse fall apart and then DOE say, 'Well, this whole research program on film silicon doesn't work' and then cut our funding." The technical questions that came up during the course of the project made Branz acutely aware of his role straddling two priorities: To help Ampulse move forward, and to objectively advise NREL and DOE about the realities of the project. He considered the potential importance-to his whole career-of maintaining that objectivity, "Even though we are working like crazy to push this thing forward, I just feel like it is my responsibility . Schroeter brought a unique research perspective to the Ampulse project; one that he had developed during his 30-year career in industry. Rather than taking one piece of data and trying to explain it from many different directions, Schroeter wanted to map out thousands of data points and try and understand trends that the data elucidated. Although this is a very effective use of the NREL equipment, it was not really of interest to the NREL researchers. Consequently, Ampulse planned to pay a researcher to work in the NREL labs "to turn the experimental crank" and Branz and Teplin would review those data generated. Hane said, In addition to the personnel working with the labs, Hane had access to an "incredible physical asset." He said, "The types of analytical gear 7 Financing that we can run our samples through [is] beyond practical replication even for large companies. If we were doing this completely on our own I would be sending things off to labs and spending lots of money waiting for results."
Ampulse had slightly more than $500,000 remaining when Hane assumed his role as CEO in July 2008. Hane expected to achieve the key technical milestone-good enough lifetime measurements to guarantee a good solar cell (or, equivalently, good diffusion length)-within a few weeks of taking the helm. This milestone was a major proof-point for the technology and company, and Hane anticipated launching a serious Series A campaign in the first week of September. But this anticipated milestone continued to slip. At the end of September, because of delays in getting the good lifetime measurements (which then were expected in October), Hane decided to delay the Series A capital raise until the just after the New Year. It wasn't until January 2009 that technical advances made by the collaboration enabled the NREL scientists to obtain respectable lifetimes on tiny areas of Si grown on RABiTS, but they had still had not achieved the milestone lifetime from an entire film. These delays had a significant impact on Ampulse. Hane was more than half a year delayed in raising his Series A round, and he still didn't have the technical data points that he thought were necessary to raise a venture Series A round at a good valuation.
Hane remarked on the effect of this slip on research deliverables on the viability of Ampulse, Kasdin-Ampulse's seed financier-was sympathetic, "Stuff happens in technical development and some of the reasons for the slips were explainable. There were just some unanticipated consequences. We were managing a complex development project across two labs with busy researchers and things happen." Other venture capitalists that Hane spoke with were less sympathetic. Some told him that they would not fund a company in which all the technical work was being done inside the national lab because Hane did not have enough control of his research 
Hane's Dilemma
In January 2009, Hane was at a crossroads. He knew that he had all the ingredients for successa supportive financier, a talented research team, and "a solar technology that can conquer the world." By delaying hiring Schroeter and making a couple other strategic moves, he had been able to stretch his cash to keep from having to do a capital raise while the research teams still were working on the technology. But he was going to run out of money soon.
Hane reflected on working with the national labs, 
High-Temperature Superconductivity Fact Sheet -Oak Ridge Simplifies RABiTS Fabrication
A new substrate for YBa 2 Cu 3 O x "coated conductors" developed at the U. S. Department of Energy's Oak Ridge National Laboratory has been produced using common industrial coating equipment. The substrate offers the promise of affordable, second-generation, high-temperature superconducting wires for the emerging multi-billion dollar electric power equipment market. The coated conductor concept uses a metallic nickel foil, two ultra-thin ceramic layers, and a layer of yttrium-based high-temperature superconductor on top. Superconductors can carry large amounts of electric current without losses due to resistance. High-temperature superconductors can perform this feat above the relatively "high" temperature at which liquid nitrogen boils, 77 Kelvin (minus 321 degrees Fahrenheit). The tape's appeal lies in its simplicity and potential low cost and high speed of fabrication. The ceramic layers on the substrate can be made on equipment that's similar to that used to produce labels on soft drink cans, audio and video tape, and even the liners inside snack food bags. In order to make the substrate work, however, extremely thin oxide layers must be put down uniformly, and in such a way that their crystalline structure mimics almost exactly that of the nickel metal tape.
""[Oak Ridge's] result represents a major step forward in the development of its new superconducting wire technology," said Bob Hawsey, director of Oak Ridge's Superconductivity Technology Center. The basic idea is called "RABiTS," for rolling-assisted, biaxially-textured substrates. The Oak Ridge group recently produced the substrate using a simple buffer layer architecture and a common industrial film growth technique, called electron beam evaporation. The resulting sandwich of materials can then be used to grow high-quality layers of the superconducting materials that actually carry the electric current. Earlier (in 1996) , Oak Ridge demonstrated the production of RABiTS using pulsed laser deposition to grow the buffer layers. High critical current densities were produced using this substrate. Commercial developers were faced with the double challenge of scaling up the way to make the substrate and learning how to grow the superconductor on that substrate, all with limited dollars.
For the last few years, the ability to use the new high-temperature superconductors at the relatively "high" temperatures which their namesake implies (that is, liquid nitrogen's boiling point of 77 Kelvin, or minus 321 degrees Fahrenheit) has been limited. At this temperature, even weak magnetic fields as low as a few thousand gauss can virtually destroy the superconductivity in some superconductors. These are the levels of magnetic field that are present in most electric machines, such as transformers, motors, and generators. The field produced by neighboring wires in a transmission cable can also adversely affect its performance.
Electron beam evaporation technology and RABiTS may change all this. What Oak Ridge has done is to produce a new, industrially-scalable template on which the superconductor may be deposited. First, pure nickel is roll-textured and heat treated. Next, extremely thin layers of two ceramic materials are rapidly deposited at Oak Ridge using a laboratory-scale electron beam system. For this, a cerium oxide layer as thin as 100 angstroms is placed "almost instantaneously" on the rolled nickel, followed by a 1400 angstrom layer of yttria-stabilized zirconia. In the lab environment, this layer takes about 20 minutes to grow. The buffer layers produced to date have excellent microstructural characteristics. The ceramic layers in the RABiTS sandwich are remarkably thin. A typical sheet of copier paper is about 500,000 angstroms (0.002 inch) thick. These buffer layers are, therefore, 350 times thinner than a sheet of paper. Oak Ridge staff member M. "Parans" Paranthaman did the electron beam evaporation of the two buffer layers. A paper describing these results is in press (Physica C).
Hawsey said that their recent accomplishment could be just the thing to push superconducting wires into the industrial and electric power sectors of the economy. "While others have been tackling the difficult issue of scaling up superconductor deposition on these kind of substrates, Oak Ridge wanted to see just how simply we could make the RABiT substrate that these companies need for good wire properties. We think that the latest results represent a step in the right direction." Early results from growing superconductor on the substrates are encouraging. Oak Ridge staff member David Norton used pulsed laser deposition to grow the superconductor on the newest version of RABiTS. One sample, a 3-mm (1/8 inch) wide tape, carried 18 amperes of current at 77 Kelvin and 50 amperes at 65 Kelvin, measured across the full tape width. The new tape's performance as a function of temperature and applied magnetic field was similar to that obtained earlier using buffer layers deposited entirely by the laser ablation process. Exhibit 9: Description of TCDF funding for Ampulse.
Through the Department of Energy's (DOE) Technology Commercialization Development Fund (TCDF), NREL has received $4 million this fiscal year to facilitate collaborative R&D projects between researchers and companies to develop commercial products based on NREL innovations. Commercial partners share 50% or more of the project development costs, which will typically range from $150,000 to $1 million. Projects are selected based on their fit with the TCDF program, the value of NREL's intellectual property position, and the potential for near-term commercial impacts. Both NREL researchers and outside industry can submit project proposals to the NREL Technology Transfer Office. The TCDF program gives NREL some wonderful tools to address the commercialization "valley of death" between technologies in the laboratories and products in the private sector. We expect the program to increase the market impact of NREL's technologies. In addition, the program has shown the ability to support faster, more nimble partnering to make it happen. For our first TCDF project [with Ampulse], we moved from first contact with a startup company through executing a license option and initiating work on a cooperative project to commercializing the product in only 17 days. Moving at the "speed of business" is difficult at a national laboratory, but absolutely critical to us in meeting the opportunities and challenges presented in the market.
Exhibit 14:
Record test solar cell efficiencies across several photovoltaic areas.
Source: NREL.
Exhibit 15: NREL's photovoltaic knowledge dissemination through publication and patenting.
Source: NREL. Record of Invention
